Somatic cell hybrids between rat XC(HPRT-) cells, non-permissive for herpes simplex virus type 1 (HSV-1) infection, and permissive mouse L(TK-) cells were constructed and karyotyped. Infection of these hybrid cells by HSV-1 strains F and MP revealed that they were susceptible to the virus. The amounts of virus produced by the hybrid cells, as well as the cytopathic effect observed, was very similar to that of the parental L(TK-) cells. Our results suggest that failure of HSV-1 to replicate in XC cells is more likely to be due to the absence of cellular elements required for efficient virus multiplication rather than to the presence of blocking or inhibiting factors.
Susceptibility to Herpes Simplex Virus Type 1 Infection of Non-permissive Rat XC(HPRT-) x Permissive Mouse L(TK-) Hybrid Cells
By ALBERTO L. EPSTEIN,* B. JACQUEMONT AND J. PATET Unitb de Virologie Fondamentale et Appliqueb, INSERM U.51, Groupe de Recherche C.N.R.S. 33, 1, place Professeur Joseph Renaut, 69371 Lyon Cedex 2, France (Accepted 8 May 1985) SUMMARY Somatic cell hybrids between rat XC(HPRT-) cells, non-permissive for herpes simplex virus type 1 (HSV-1) infection, and permissive mouse L(TK-) cells were constructed and karyotyped. Infection of these hybrid cells by HSV-1 strains F and MP revealed that they were susceptible to the virus. The amounts of virus produced by the hybrid cells, as well as the cytopathic effect observed, was very similar to that of the parental L(TK-) cells. Our results suggest that failure of HSV-1 to replicate in XC cells is more likely to be due to the absence of cellular elements required for efficient virus multiplication rather than to the presence of blocking or inhibiting factors.
Somatic cell hybrids resulting from the fusion of cells differing in susceptibility to virus infection are useful tools for the investigation of cellular functions required for efficient virus multiplication. At the genetic level, infection of such hybrid cells may yield information concerning the dominance or recessiveness of characters conferring susceptibility to a given virus and may allow mapping of these traits to particular linkage groups or to a chromosome. At the phenotypic level, this approach may allow susceptibility (or non-permissiveness) to be correlated with the presence (or absence) of particular functions.
In this report we describe infection by herpes simplex virus type 1 (HSV-1) of hybrid cells resulting from the fusion of rat XC cells deficient in hypoxanthine phosphoribosyltransferase activity (HPRT-) with mouse L cells deficient in thymidine kinase (TK-). The XC cell line (Svobodal 1960 ) is non-permissive for HSV-1 (Docherty et al., 1973) . Cultures of these cells that have been infected with HSV-1 do not undergo massive cell lysis but continue to grow without producing infectious particles (Garfinkle & McAustan, 1973; Epstein & Jacquemont, 1983) . It has recently been shown that penetration of HSV-1 into XC cells is abnormal, most particles entering the cells by pinocytosis instead of by fusion with plasma membranes (Epstein et al., 1980) ; however, penetration by fusion with host cell membranes may be enhanced by several means, including infection by particular HSV-1 strains and especially those having little or no glycoprotein C in their envelopes (Epstein & Jacquemont, 1983; Epstein et al., 1984) , by producing stock virus in particular cell lines (Becker et al., 1974) , or simply by promotion of fusion between the virus envelope and the plasma membrane of XC cells with polyethylene glycol (PEG) .
Once the virus has penetrated XC cells and expression of the virus genome has started, a second block becomes evident since little, if any, virus DNA synthesis takes place even though most immediate early (IE) and several delayed early polypeptides are synthesized. Most probably as a consequence of the failure to synthesize normal amounts of virus DNA, the late class of virus polypeptides is absent, or at least greatly inhibited, in XC cells (Epstein & Jacquemont, 1983) .
XC cells, growing in Earle's minimal essential medium (MEM) supplemented with 10% tryptose phosphate broth and 10% inactivated foetal calf serum (IFCS), were mutagenized by treatment with N-methyl-N'-nitro-N-nitrosoguanidine (Sharp et al., 1973) and clones were selected for their ability to grow in medium containing 6-thioguanine (6 pg/ml). From these, only 0000-6505©1985 SGM Short communication (Fig. 1 a) . L(TK ) marker: submetacentric chromosome with one secondary constriction on the long arm ( Fig. 1 b) .
§ Cells were infected as in the legend to Fig. 2 . Production of virus was assayed at 72h post-infection by plaque assay on HEp-2 monolayers.
those clones unable to grow in medium (HAT) containing 100 ~tM-hypoxanthine, 0-4 ~M-aminopterin, and 16 gM-thymidine were selected for further work and designated as HPRT-. As expected, XC(HPRT-) cells are non-permissive for HSV-1.
Mouse L(TK-) cells (Kit et al., 1963) , kindly provided by F. Colb~re-Garapin (Institut Pasteur, Paris, France), were grown in MEM supplemented with 10~ IFCS. These cells are permissive for HSV-1 although, like several other mouse cell lines, they produce lower amounts of infectious particles when compared with other permissive lines like HEp-2 or Vero cells.
Somatic cell hybrids were prepared by fusing XC(HPRT-) and L(TK-) cells using PEG (Pontecorvo, 1975) . A cell pellet containing 106 cells from each parental line was resuspended in 1 ml of a solution of 45 ~ PEG (1000) in phosphate-buffered saline (PBS) for 45 s. The mixture was immediately diluted with PBS and gently centrifuged. Supernatant was then discarded and the cells were resuspended in selective medium [the same medium as for XC(HPRT-) cells but supplemented with HAT] and cloned in 24-well tissue culture plates. Once the surviving colonies reached confluence, samples from each colony were submitted to chromosomal analysis, and other samples from each were infected at 0.1 p.f.u./cell with HSV-1 strains F or MP (both were obtained from Dr B. Roizman, University of Chicago, Chicago, II1., U.S.A. ; stocks were grown at 0.01 p.f.u./cell and titrated in our laboratory on HEp-2 cells). As controls, cells from each parental line were separately fused and plated but, as expected, no clone from these controls could grow in HAT-supplemented medium.
We have summarized in Table 1 the significant data revealed by the chromosomal analysis of 10 selected HAT-resistant clones (designated HylC1 1 to 10). In each of the 10 clones tested, 100~ of the cells examined exhibited several rat and mouse chromosomes, confirming the hybrid character of the cells. Two identifiable markers, which are present in all clones, are a big metacentric chromosome with three secondary constrictions in one of its arms [the XC(HPRT-) cell marker] and a submetacentric chromosome with one secondary constriction in the long arm [the L(TK-) cell marker], as exemplified by clones 1 and 10 in Fig. 1 . Cells from all the clones had a high chromosome content, with a modal number between 72 and 82 chromosomes. Although most rat and mouse chromosomes were still present in all hybrid cells, a tendency to exclude rat XC chromosomes was apparent in most of the clones. Scoring for the presence of particular markers like isochromosomes, translocations, minute chromosomes, and number of metacentric chromosomes revealed that, in spite of a considerable degree of heterogeneity within each clone, in most cases each clone represents a distinct cell population, distinguishable Hybrid clones 1 and 10, respectively. All the cells from these clones show both chromosome markers described above. At the side of each metaphase spread, the marker chromosome is shown at higher magnification.
from the other clones. [Note, for example, that in clone 1 (Fig. 1 c) , the rat marker is slightly different in that it has become submetacentric due to a terminal adjunct; this rearrangement was observed in all cells from clone 1 but not in the parental cells nor in the cells of the other clones.]
As also summarized in Table 1 , all hybrid clones were susceptible to HSV-1 infection; furthermore, they all supported the development of a cytopathic effect typical of the strain employed in the infection (aggregation of cells with strain F and syncytia with strain MP; data not shown), and with a kinetics of production similar to that observed in L(TK-) cells. Fig. 2 shows the patterns of production of HSV-1 by the parental cell lines and by one of the hybrid cell lines, Hyl-C1 7; all other clones tested produced results very similar to clone 7 (Table 1 ). In another study of susceptibility to HSV-1 infection carried out in hybrid cells from non-permissive Chinese hamster x permissive human cells, susceptibility was also dominant, the presence of human chromosome 11 being the only requirement for replication of HSV-1 in non-permissive cells (Francke & Francke, 1981) .
We have tested the possibility that HSV-1 virions produced in permissive hybrid lines had acquired some properties rendering them able to multiply in XC cells, as first suggested by Becker et aL (1974) . The virus produced in these hybrid cells, however, was unable to multiply in XC cells (data not shown). XC cells may fail to support HSV-1 replication either because they possess a blocking factor, or because a factor required for virus replication is absent in them. If most, or at least some proportion, of the hybrid clones were non-permissive for HSV-1, this fact would argue in favour of the blocking factor hypothesis; since this is not the case, the missing factor hypothesis is the most likely. However, the alternative possibility that in all the clones a blocking factor, already present in XC(HPRT-) cells, ceases to be synthesized after fusion cannot be formally ruled out.
At present, we can only speculate about the functions that could be missing in XC cells. Post & Roizman (1981) have constructed a mutant virus carrying a deletion in the gene coding for IE polypeptide ICP22. This strain can grow in Vero cells but replicates only very poorly, relative to the wild-type virus, in some other cell types (I. W. Halliburton, personal communication). This intriguing observation could be explained if a cellular activity could substitute for ICP22 in some cell lines (e.g. Vero cells) but not in other types. An example of this kind of situation is perhaps provided by some adenovirus E 1 a-deleted mutants which cannot activate the synthesis of early transcripts in some cells but can in others; this has led to the suggestion that there is a host Elalike activity in some cell lines (Imperiale et al., 1984) . Interestingly, we have recently shown that ICP22 is not synthesized in XC cells, probably due to a post-transcriptional blockage , but whether this fact is causally related to the abortive infection remains to be proved.
